The¯oor plate of the neural tube serves an important function as a source of signals that pattern cell fates in the nervous system as well as directing proper axon path®nding. We have cloned a novel zebra®sh wnt family member, wnt4b, which is expressed exclusively in the¯oor plate. To place wnt4b in the context of known regulators of midline development, its expression was analyzed in the zebra®sh mutants cyclops (cyc),¯oating head (¯h), you-too (yot), and sonic you (syu). wnt4b expression in the medial and lateral¯oor plate are shown to be regulated independently: medial¯oor plate expression occurs in the absence of a notochord, while lateral¯oor plate expression requires a functional notochord, sonic hedgehog and gli-2. q
Results and discussion
The sequence of the zebra®sh wnt4b gene shows strongest homology to the wnt4 subgroup and is most closely related to a previously reported zebra®sh wnt4 gene and to an amphioxis wnt4 gene (Fig. 1A,B) . The zebra®sh wnt4b gene maps to the centromeric region of zebra®sh linkage group 16 (Fig. 1C) . The wnt4b locus resides in an interval between the gene for casein kinase 2A (8 cR; LOD: 13.22 ) and the marker zp47pou (17 cR; LOD: 11.31). While linkage of zf47pou, wnt4b and casein kinase 2a to the z811 SSR marker is highly signi®cant (LOD scores all above 10), the current status of the radiation hybrid map does not support linkage of zp47pou to the next distal marker on the genetic map. Therefore we propose that these loci may reside on either side of z811 on LG 16. wnt4b expression is ®rst detected at 18 h.p.f. in a row of cells in the ventral neural tube corresponding to the position of the¯oor plate ( Fig. 2A) . Strongest expression in the¯oor plate is observed at 24 h.p.f. (Fig. 2B ). At this stage wnt4b is also diffusely expressed in the hindbrain. In cross-sections of 24 h.p.f. embryos, wnt4b expression is visible in the single row of medial¯oor plate cells as well as in the cells adjacent on either side, or the lateral¯oor plate (Fig.  2C) . By 36 h.p.f., expression in the hindbrain is focused to a medial group of cells corresponding to anterior¯oor plate or periventricular cells in the hindbrain, while expression in the medial and lateral¯oor plate associated with the notochord is maintained (Figs. 2D and 3G) . By 48 h.p.f., wnt4b expression in the¯oor plate is starting to be downregulated in an anterior to posterior progression (data not shown) such that by 72 h.p.f., no posterior¯oor plate expression remains and wnt4b is only detected in the anterior¯oor plate in the ventral hindbrain (Fig. 2E) . In cross-section, wnt4b expression in a 72 h.p.f. embryo is seen to be restricted to a group of periventricular cells in the hindbrain (Fig. 2F ). Attempts to detect wnt4b at cleavage, shield or epiboly stages by in situ hybridization or by RTPCR were negative, indicating that wnt4b expression is restricted to the developing nervous system. In the mouse, wnt4 is also expressed in the developing mesonephros and metanephros (Stark et al., 1994) . We ®nd no expression of wnt4b, or its closely related paralog wnt4 (Ungar et al., 1995) , in the pronephros.
To determine whether expression of wnt4b in the¯oor plate might be under the control of signals from the notochord, we analyzed wnt4b expression in zebra®sh mutants with known defects in axial structures. Owing to mutations in the zebra®sh nodal related 2 gene, cyclops (cyc) mutants fail to form a medial¯oor plate (Hatta et al., 1991; Hatta et al., 1994; Rebagliati et al., 1998; Sampath et al., 1998) . In 24 h.p.f. cyc b16 homozygotes, wnt4b expression is greatly reduced in the¯oor plate but remains detectable in cells (Fig. 3B ). Residual expression of wnt4b in cyc embryos suggested that diffusible signals from the notochord may play role in maintaining wnt4b expression in the ventral neural tube.¯oating head mutant embryos completely lack a notochord and the medial¯oor plate is discontinuous, appearing as`islands' of cells along the A-P axis of the ventral neural tube (Talbot et al., 1995; Halpern et al., 1997) . wnt4b is strongly expressed in islands of medial¯oor plate cells in¯h, indicating that wnt4b expression in the medial¯oor plate is independent of the notochord (Fig. 3C) . However, expression in lateral¯oor plate cells in¯h is absent (Fig. 3C,D) , suggesting a role for notochord signals in the induction or maintenance of wnt4b expression in lateral¯oor plate cells. Sonic hedgehog is a well characterized signaling molecule secreted by the notochord and later by medial¯oor plate cells (Krauss et al., 1993) . The zebra®sh sonic you mutant lacks a functional sonic hedgehog gene (Schauerte et al., 1998) . Similar to the results in¯oating head, wnt4b expression in the medial oor plate of sonic you homozygotes is unaffected while lateral¯oor plate expression is absent (Fig. 3E,H) . The results indicate that sonic hedgehog is not required for the induction of wnt4b in medial¯oor plate cells but is required for expression of wnt4b in lateral¯oor plate cells. gli-2 is a transcription factor target gene of hedgehog signaling and mediates some of the downstream events in the sonic hedgehog pathway (Ding et al., 1998; Ruiz i Altaba, 1998; Matise et al., 1998) . Expression of wnt4b in the zebra®sh mutant you-too (yot), which carries mutations in the gli-2 gene (Karlstrom et al., 1999) , was missing in the lateral¯oor plate (Fig. 3F) indicating that regulation of wnt4b expression also requires gli-2.
Experimental procedures
Wild type and mutant zebra®sh were maintained at 28.58C under standard procedures (Wester®eld, 1994) . Mutant lines were maintained in an AB or AB/Tu Èbingen hybrid genetic background. Mutant embryos for phenotypic (Felsenstein, 1989) . GenBank accession numbers for the sequences used in alignment: zebra®sh wnt4, U25141; amphioxis, AF061973; mouse, M89797; chick, D31900; Xenopus, U13183. (C) Radiation hybrid mapping analysis places wnt4b near the centrosome on linkage group 16 (LG16). On the left, wnt4b position relative to the SSR marker z811, casein kinase 2a, and zp47pou loci is shown with map distances in cR. On the right, these loci are anchored to the zebra®sh genetic map by the z811 marker with other SSR markers in the centromeric region of LG16 shown for reference (map distances in cM). analysis were produced by sibling mating. The cyclops b16 mutation is a null allele of the nodal related 2 gene resulting from a deletion of unknown extent (Talbot et al., 1998) . cyc b16 can be rescued by ndr2/cyc mRNA injection indicating that the phenotype under study is due to loss of the cyc gene (Rebagliati et al., 1998; Sampath et al., 1998) . Thē oating head n1 allele is a spontaneous mutation resulting in a two base pair deletion upstream of the homeobox of thē h gene (Talbot et al., 1995) . The sonic you embryos used in this study were a heteroallelic combination that carried syu tbx392 over the deletion allele syu t4 . The syu tbx394 allele produces a splicing defective RNA which is predicted to encode a truncated protein containing only the ®rst 100 amino acids of sonic hedgehog (Schauerte et al., 1998) .
Wnt4b was cloned from 24 h.p.f. embryonic RNA by RTPCR using degenerate primers to conserved domains of vertebrate wnt proteins. Total embryo RNA was prepared from zebra®sh embryos by the acid/guanidine/phenol method (Chomczynski and Sacchi, 1987) and used as template. The sequence of the forward and reverse primers used for RTPCR was identical to those described by Gavin et al. (Gavin et al., 1990) . Sequencing of twenty cloned RTPCR products identi®ed wnt4b as well as 6 other zebra®sh wnt cDNAs. A full length wnt4b cDNA clone was isolated from a 24 h embryonic zebra®sh lambda zap II cDNA library by standard hybridization procedures using the wnt4b RTPCR fragment as probe. The ®nal full length cDNA clone was excised using helper phage and maintained as a plasmid clone in pBK-CMV (pBKwnt4b). pBKwnt4b was sequenced using 33 P-dideoxy nucleotide terminators and cycle sequencing according to manufacturers instructions (Amersham). The wnt4b sequence has been submitted to GenBank under the accession number AF139536. Sequence alignment and phylogenetic analysis was performed using clustalWPPC and the Phylip 3.572 drawgram module (Felsenstein, 1989) : (http://evolution.genetics.washington.edu/phylip.html).
Whole-mount in situ hybridization was performed as described previously (Hauptmann and Gerster, 1994) using an antisense digoxigenin-labeled RNA probe containing the entire wnt4b coding sequence and 3 H untranslated region. Histological analysis was performed as previously described (Drummond et al., 1998) .
Mapping of the wnt4b gene was performed using the Goodfellow zebra®sh radiation hybrid panel (Research Genetics) and primers to the 5 H untranslated region of wnt4b. Primer sequences were: forward: 5 H -TGGATGAG-CATGCCATAAGA-3 H ; reverse: 5 H -TCAGTTTGAGGT-CCGAAAGG-3
H . PCRs were performed in 50 ml reactions using 25 ng DNA from 94 zebra®sh/CHO cell hybrids. Analysis of the radiation hybrid mapping results was performed using the RHmapper program in conjunction with a dataset of simple sequence repeat markers anchored to the genetic map of the zebra®sh genome (Geisler et al., 1999; Knapik et al., 1998) . Data was submitted to the zebra®sh RH website in Tu Èbingen for analysis:
(http://www.eb.tuebingen.mpg.de/abt.3/haffter_lab/ rh_mapping.html).
